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Description 

[0001] The present invention relates to methods of 
operating droplet deposition apparatus, in particular an 
Inkjet printhe8d, comprising a chamber communicating 
with a nozzle tor ejection of ink droplets and with a sup- 
ply of ink, the printhead further comprising electrically 
actuabte means associated with the chamber and actu- 
able a plurality of times to eject a corresponding number 
of droplets. In particular, it relates to a printhead in which 
the chamber is a channel having associated with It 
means for varying the volume of the channel in response 
to-an electrical signal. 

[0002] Such apparatus is known, for example, from 
WO95725011 , US-A-5 227 813 and"EP-A-0422 670 and 
in which the channels are separated one from the next 
by side walls which extend in the lengthwise direction of 
the channels. In response to electrical signals, the chan- 
nel walls are displaceable transverse to the channel ax- 
is. This in turn generates acoustic waves that travel 
along the channel axis, causing droplet ejection as is 
well-known in the art. 

[0003] The last of the aforementioned documents dis- 
closes the concept of "multipulse grayscale printing": fir- 
ing a variable numberof ink dropletsfrom a single chan- 
nel within a short period of time, the resulting "packet" 
of droplets merging, in flight and/or on the paper to form 
a correspondingly variable-size printed dot on thepaper. 
Figure 1 is taken from the aforementioned EP-A-0 422 
870 and illustrates diagrammaticaHy droplet ejection 
from ten neighbouring printhead channels ejecting var- 
ying numbers (64 ,60 ( 55,40,etc.) of droplets. The regular 
spacing of successive droplets ejected from any one 
channel indicates that the ejection velocity of succes- 
sive droplets is constant. It will also be noted that this 
spacing is the same for channels ejecting a high number 
of droplets as for channels ejecting a low number of 
droplets. 

[0004] In the course of experiment, two. deviations, 
from the behaviour described in EP-A-Q 422 870 have 
been discovered. 

[0005] The first finding is that the first droplet to be 
ejected from a given channel is slowed by air resistance 
and may find itself hit from behind by subsequent drop- 
lets in the . packet travelling in its slipstream and there- 
fore subject to less air drag. First and subsequent drop- 
lets of the packet may then merge to form a single, large 
drop. 

[0006] The second finding is that the velocity of such 
a single, large, drop .will vary depending on .the total 
number of droplets in the packet that are ejected in one 
go from a-given -channel. 

[0007] A third finding relates to three-cycle operation 
of the printhead - described, for example in EP-A-0 376 
532 - in which successive channels in a printhead are 
alternately assigned to one of three groups. Each group 
is enabled in turn; with enabled channels ejecting a 
packet of one or more droplets in accordance with in- 



coming print data as described above, it has been dis- 
covered that the velocity of the single, large drop formed 
-by theirierging-ofsuch droplets will varydepending on 
whether the adjacent channel in the same group is also 
5 being operated (i.e. 1 in 3 channels) or whether only the 
next-but-one channel In the same group Is being oper- 
ated (i.e. 1 in 6 channels). 

[0008] The variations in velocity outlined above can 
give rise to significant dot placement errors which, al- 
to though a known problem per se, can be particularly crit- 
ical in printheads operating In the multipulse grayscale 
mode explained above. Here the present inventors have 
-established that- a placement-error between two or more 
printed dots that Is above one quarter of a pixei pitch 
*s can lead to print defects that are detectable by the naked 
eye. Since multipulse grayscale printheads typically op- 
erate at a printing pitch of 360 dots per inch and mini- 
mum substrate speeds, packet firing frequencies and 
printhead^substrate separations of 5 m/s, 5kHz and 
20 i mm respectively, this places an upper limit of 1 .25 m/ 
s on the acceptable variation in speed between the drop- 
lets that go to form any two adjacent printed dots. 
J0009J US 4,513,299 describes InkJet drop-on-de- 
mand printing system comprising an ink jet print head 
25 tiavingan ink cavity supplied with a suitable mk. An elec- 
tromechanical transducer is mounted in mechanical 
communication with the ink cavity, and a source of elec- 
trical signals is providedto selectively actuate the trans- 
ducer to produce an ink drop of a selected size. To pro- 
30 duceink drops of a selected size, the source of electrical 
signals produces one or more electrical drive signals 
each separated by a fixed time delay which is short with 
respect to the drop-on-demand drop production rate. 
Each electrical drive signal ejects a predetermined vol- 
35 ume of ink and all the volumes of ink merge to form a 
single drop prior to the time Ink drops reach the print 
medium for printing. 

[0010] The present invention has as an objective the 
avoidance of the. aforementioned dot placement errors 
40 when generated by the phenomena described above 
and will now be described by way of example by refer- 
ence to the following diagrams, of which: 

Figure 2 illustrates variation in droplet velocity with 
45 total waveform duration; 

Figure 3a illustrates the waveform used in obtaining 
the results of figure 2; 

Figure 3b illustrates the application of a number of 
the waveforms of figure 3 in succession; 

50 Figure 4 Illustrates variation in droplet velocity with 
the duration of waveform expansion period; 
Figure- 5 illustrates an actuating waveform accord- 
ing to the present invention 
Figure 6 illustrates variation in droplet velocity with 

55 duration of waveform dwell period; 

[0011] Figure 2 illustrates the variation in drop velocity 
with total duration T of a draw-reinforce-release (DRR) 
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waveform applied repeatedly, to the channel of a print- 
head of the kind mentioned above to generate a packet 
of droplets. Such a waveform - well known In the art - Is 
illustrated in figure 3a and places a printhead channel 
initially in an expanded condition (a "draw" as at E), sub- 5 
sequently switches to a contracted condition (a "rein- 
force" as at RF) and then "releases" (as at RL) the chan- 
nel back to its original, non-actuated, rest condition. As 
shown in figure 3a, the draw and reinforce periods of the 
waveform used to obtain figure 2 are equal and repeti- 10 
tion of the waveform results in the ejection of one drop- 
let. 

[0012] Figure 3b depicts the application of the wave- 
form several times in immediate succession so as to 
eject several dropiets ("droplets per dot" or "dpd") from is 
a channel so as to form a correspondingly sized dot on 
the paper. It will be appreciated that this step is repeated 
for each channel every time the group to which It be- 
longs is enabled and the incoming print data is such that 
it is required to print a dot. In the experiment used to 20 
obtain the data shown in figure 2, channels were repeat- 
edly enabled - and dots were printed - at a frequency of 
60Hz. 

[0013] As explained above, the droplets In a packet 
ejected from a channel may all merge in flight to form a 25 
single, large drop that hits the substrate to be printed. 
Alternatively, all droplet merging may take place at the 
substrate. In a third regime, all the droplets in a packet 
merge in flight with the exception of the first droplet of 
the packet which travels ahead of the large, merged 30 
drop. 

[0014] Figure 2 does not distinguish between these 
various modes, instead indicating the velocity of the first 
drop(let) to hit the substrate as measured at the sub- 
strate. It will be seen that the application of a single DRR 35 
waveform (1 dpd) of around 4.5 us duration (to eject a 
single droplet) will result in a velocity of approximately 
12m/s per second if only alternate channels in a group 
are fired (1 in 6 operation) whereas a velocity of around 
14 m/s results rf every channel in a group is fired (1 in 3 40 
operation). However, applying the same waveform sev- 
en times in immediate succession (7 dpd) so as to eject 
seven droplets results in a velocity of around 37 m/s 
when operated "1 In 3" and a velocity of around 25 m/s 
when operated "1 In 6". 45 
[0015] It has been discovered that there are certain 
advantageous values of total waveform duration T at 
which the aforementioned variation in velocity Is much 
reduced. In the case of Fig. 2, It will be seen that by 
operating a printhead with a waveform of approximately so 
3.8 us duration, the velocity remains fairly constant at 
-around 12 m/s- regardless -of the -number of -droplets 
ejected In one go or the firing/non-firing status of adja- 
cent channels In the same group. Similarly, operation 
with a waveform of around 7.5us or greater will result in ss 
a fairly constant velocity although, at only 4 m/s, this is 
less desirable since* droplet ejection velocity of at least 
5 m/s, and preferably at least 7 m/s, has been found 



necessary for acceptable print quality. Furthermore, 
greater values of T also result in a greater waveform du- 
ration overall and a correspondingly lower dot printing 
rate. 

[0016] Figure 2 was obtained using a printhead of the 
kind disclosed in the aforementioned WO95/25011 and 
having a resonant frequency of approximately 250kHz, 
equivalent to a period of resonance of approximately 
4us. This is reflected in the "1 in 3 / 1 dpd" trace of figure 
2 which shows a resonant peak in the velocity, U, of 
droplets ejected from the printhead when the period of 
the actuating waveform is equal to 4u£, corresponding 
in turn to compression and expansion elements of the 
actuating waveform each being equal to 2ps. As ex- 
plained in WO95/25011, such a resonant period has in 
the past been considered as being equal to twice the 
ratio of closed channel length (L) to the velocity of pres- 
sure waves in the ink /(c). Consequently, the notation U 
c is used hereinafter to denote harf the resonant period 
and, so expressed, the advantageous values referred 
to above are 1 ,9Uc and > 3.75L/C respectively. 
[0017] It should be noted that at 2us, this half resonant 
period is significantly shorter than in similar printheads 
designed to eject a single ink droplet in any one droplet 
ejection period - so-called "binary* printing - in which re- 
quire a greater channel length L to achieve the neces- 
sary greater droplet volume. The corresponding reduc- 
tion in maximum droplet ejection frequency is offset by 
the feet that only one - rather than a plurality - of drops 
need be ejected to form the printed dot on the substrate. 
In contrast, "multipulse greyscale" operation - in which 
a plurality of droplets form the printed dot - typically re- 
quires a printhead in which the half resonant period has 
a value not exceeding 5 jis, preferably not exceeding 
2.5 )is, in order that sufficiently high repetition frequen- 
cies and, secondarily, sufficiently low droplet volumes 
can be achieved. 

[0018] Whilst the aforementioned advantageous val- 
ues of waveform duration witl vary with printhead de- 
sign, actuation waveform and dot printing frequency, the 
manner in which they are determined - namely from a 
graph of the kind shown in figure 2 - will remain the 
same. The same holds for the value of resonant period 
for a printhead. For various values of actuation wave- 
form duration T, velocity data U is obtained either from 
analysis of the landing positions of ejected droplets on 
a substrate moving at a known speed or - preferably - 
by observation of droplet ejection stroboscopicaily un- 
der a microscope. It will be appreciated that both meth- 
ods give an indication of the average velocity of the 
droplet in the course of its journey between nozzle and 
-substrate. 

[00191 As mentioned above, the "DRR" waveform 
shown in figure 3a need not necessarily have channel 
contraction and expansion elements that are equal in 
duration and/or amplitude. Indeed, It is believed that the 
duration of the expansion element of the waveform may 
have more influence on the behaviour discussed above 
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than the duration of the actuation waveform as a whole. 
[0020] Figure4 illustrates the variation with increasing 
expansion period duration (DR) of the peak-to-peak 
waveform amplitude (V) necessary to achieve a droplet 
ejection velocity (U) of 5 m/s. As with figure 2, the print- 5 
head was of the kind disclosed in WO95/2501 1 and hav- 
ing a resonant period, 2L/c, of approximately 4.4jis. 
[0021 J It will be seen that at values of expansion pe- 
riod duration (DR) of around 2.5jis and 4.5ns, different 
values of waveform amplitude V are necessary depend- 10 
ing on the droplet firing regime. In the case of DR=2.5u,s, 
a peak-to-peak waveform amplitude (V) of only 27 volts 
is required when applying the waveform seven times in 
immediate succession so as to eject seven droplets (7 
drops per dot (dpd)) from one in every three channels 15' 
("1 in 3 M operation) in multi pulse grayscale printing 
mode. In contrast, a value of V=32 volts is necessary to 
achieve the same droplet ejection velocity when apply- 
ing the waveform only once so as to eject a single drop- 
let (1 drop per dot (dpd)) from one in every six channels 20 
("1 in 6" operation). 

[0022] In practice, variation of waveform amplitude 
with droplet firing regime would require complex - and 
thus expensive - contra* electronics. The alternative so- 
lution of a constant waveform amplitude, whilst simpler 2s 
and cheaper to implement, would give rise to variations 
in droplet ejection velocity and consequential droplet 
placement errors as discussed above. 
[0023] The present inventors have discovered, how- 
ever, that there are values of expansion period duration 30 
(DR) at which the droplet ejection velocity remains sub- 
stantially constant regardless of the droplet firing re- 
gime. Operation in such ranges allows waveforms of 
constant amplitude to be used regardless of operating 
regime and therefore without the risk of droplet place- 35 
ment errors. 

[0024] In the case of figure 4, for example, such con- 
stant behaviour occurs with values of DR in the approx- 
imate ranges 1.8jis - Z2jis, with particularly dose 
agreement between velocities being achieved at around <o 
2.2jis, and in the range 3.0jts - 3.6jis, particularly 3.4us. 
Expressed in terms of half resonant period, Uc, these 
ranges are approximately 0.8L/c - 1.0L/c, particularly 1 
L/c, and 1.4Uc- 1.6L/c, particularly 1.5Uc. Operation in 
the lower rather than the higher range gives a lower 45 
overall waveform duration which In turn allows a higher 
waveform repetition frequency; The lower operating 
voltage for a given droplet speed in the 1.8us - 2.2^s 
range also gives rise to correspondingly lower heat gen- 
eration in the piezoelectric material of the printhead ac- so 
tuator waUs. For these reasons, operation in the lower 
range is to be preferred. 

[0025] It should be appreciated that printhead char- 
acteristics obtained for a constant droplet ejection ve- 
locity (U), as shown in figure 4, will include consistent 55 
fluid dynamic effects such as nozzle and ink Inlet imped- 
ance which are themselves known, for example, from 
WO92/12014. The characteristics will incorporate vis- 



cosity variations, however,, brought about by a variation 
in heating of the ink by the piezoelectric material of the 
printhead with variation in waveform amplitude (V). Pi- 
ezoelectric heating of ink in a printhead is explained in 
W097/35167, and consequently will not be discussed 
in further detail here. 

[0026] Conversely, printhead characteristics of the 
kind shown in figure 2 and obtained fora constant wave- 
form amplitude (V)will Include consistent heating effects 
at the expense of varying fluid dynamic effects. It will be 
appreciated, however, that at those operating conditions 
according to the present invention whereby waveform 
amplitude and droplet ejection velocity remain constant 
regardless of operating regime, fluid dynamic and pie- 
zoelectric heating effects will also remain constant Con- 
sequently either type of characteristic is suitable in de- 
termining operating conditions according to the present 
invention. 

[0027] Figure 5 illustrates the actuating waveform 
used in obtaining the characteristics of figure 4 , with ac- 
tuating voltage magnitude being indicated on the ordi- 
nate and normalised time on the abscissa. At "C" is in- 
dicated the channel expansion period, the duration (DR) 
of which is varied to obtain the characteristics of figure 
6. There follows substantially immediately thereafter a 
channel contraction period "X" of duration of 2DR, fol- 
lowed by a period "D" of duration Q.5DR in which the 
channel dwells in a condition in which it is neither con- 
tracted nor expanded. Following the dwell period, the 
waveform can be repeated as appropriate to eject fur- 
ther droplets. Such a waveform has been found to be 
particularly effective in ejecting multiple droplets to form 
a single, variable-size dot on a substrate without simul- 
taneously causing the ejection of unwanted droplets 
(so-called "accidentals") from neighbouring channels. 
[0028] Furthermore, waveforms of this kind having a 
particular value of dwell time have been found to be ef- 
fective in reducing the difference in velocity between sin- 
gle droplet (1 dpd) and multiple droplet (e.g. 7 dpd) op- 
eration to be below the level necessary for acceptable 
image quality. 

[0029] Trius the present invention provides a method 
of operating an inkjet printhead for printing on a sub- 
strate; the printhead having a chamber communicating 
with a nozzle for ejection of ink droplets and with a sup- 
ply of ink; 

the printhead further comprising electrically actu- 
able means associated with the chamber and actuable 
to vary the volume of the chamber in response to an 
electrical signal, the electrically actuable means being 
actuable a plurality of times in accordance with print tone 
data thereby to eject a corresponding number of drop- 
lets to form a printed dot of appropriate tone on the sub- 
strate; 

the method comprising the steps of applying a plu- 
rality of electrical signals to the electrically actuable 
means in accordance with the print tone data; 

characterised in that each electrical signal com- 
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prises s first part to hold the voJume of said chamber in 
an increased state for a first time period and a second 
part to hold the volume of said chamber in a decreased 
state for a second time period following said first time 
period, the length of a time delay between the appiica- s 
tion of successive signals to said electrically actuable 
means being selected within the range from 0.45 to 0.85 
of said first time period so that any variation in the av- 
erage velocity at which corresponding droplets travel to 
said substrate to form said printed dot remains below 10 
that which would lead to defects in the printed image 
detectable by the naked eye, regardless of the number 
of said droplets ejected to form said printed dot. 
[0030] The present Inventors have found that with the 
aid of suitable experiments covering a range of dwell ?5 
times, a dwell time value can be found at which the av- 
erage velocity of the droplets in a packet remains within 
a narrow band, regardless of the number of droplets in 
that packet. As a result, any variation in the average ve- 
locity that does take place between droplet packet of 20 
varying size will be less than that which would otherwise 
give rise to defects in the printed image detectable by 
the naked eye as explained earlier. 
[0031] Preferred embodiments of both aspects of the 
invention are eet out in the description and dependent 25 
claims. The invention also comprises droplet deposition 
apparatus and drive circuit means adapted to operate 
according to these claims. 

[0032] Figure 6 illustrates the results of an experiment 
of the kind referred to above, the variation in average 30 
droplet velocity, U, being plotted against variation in the 
length of the dwell period D of a waveform of the kind 
shown in figure 5. The length of D is expressed as a 
fraction of the length DR of the expansion period C 
which, in the present example, has a length of 2.2ua and 35 
is equal to half the resonant period. Compression period 
X is twice the length of C, as shown In figure 5. 
[0033] it will be seen that the waveform of the kind 
described above in which the dwell time is equal to 
0.5DR results in a separation of only 0.7m/s between a 40 
maximum velocity of approximately 6.7 m/s, corre- 
sponding to a packet of 7 droplets, and a minimum ve- 
locity of 6 m/s corresponding to a packet of two droplets. 
This is little over half of the allowable difference of 1 .25 
m/s mentioned above. It is also evident from figure 6 45 
that it would be possible to reduce the dwell time to 
0.45DR before exceeding the 1 25 m/s limit on velocity 
difference mentioned earlier, resulting in a shorter - and 
therefore faster — overall waveform. It is also possible 
to increase the dwell time a similar amount above 0.5 so 
DR - to a dwell time of 0.55 - without eny significant del- 
eterious effects, indeed, the slower rate of increase in 
velocity difference with dwell time at values of dwell 
above 0.5DR means that the 1.25 m/s limit is reached 
at values of DR around 0.85. A waveform Incorporating ss 
such a dwell period would only have approximately 90% 
of the speed of a . waveform incorporating a 0.45 DR 
dwell period, however, and is consequently less desira- 



ble. 

[0034] The results of figures 4 and 6 were obtained 
using a waveform of the kind shown in figure 5 having 
an amplitude in the region of 40V. It will be appreciated, 
however, that constraints elsewhere in the system may 
result in a somewhat altered waveform being applied in 
practice. In particular, rise times in the drive circuitry may 
result in waveform edges having a greater slope than 
illustrated in figure 5 or In a slight dwell time between 
application of expansion and contraction signals. In the 
latter case, any dwell time will be significantly less than 
the dwell time between signals. 
{0035] In addition to having a half resonant period x>f 
approximately AA\is, the printhead used to obtain the 
results of figures 4 and 6 also had a nozzle outlet diam- 
eter of 25um and employed a hydrocarbon ink of the 
kind disclosed in W096/24642. Other parameters were 
typical, for example as disclosed in the EP 0 609 080, 
EP 0 611 154, EP 0 611 655 and EP 0 612 623. rt wili 
be appreciated, however, that experiments of me kind 
mentioned in regard to figure 6 can be performed with 
any printhead and suitable values of dwell period there- 
by established. 

[0036] Whilst specific reference has been madeto the 
apparatus described in WO95/25011 and other docu- 
ments referred to above, the present invention is con- 
sidered to be applicable to any printhead employing 
channels having displaceable side walls. Moreover, 
some of the advantages set forth above can be enjoyed 
by applying the present invention to drop-on-demand 
Inkjet apparatus employing other electrically actuable 
means to eject droplets. 



Claims 

1. Method of operating an Inkjet printhead for printing 
on a substrate; the printhead having a chamber 
communicating with a nozzle for ejection of ink 
droplets and with a supply of ink; 

the printhead further comprising electrically 
actuable means associated with the chamber and 
actuable to vary the volume of the chamber in re- 
sponse to an electrical signal, the electrically actu- 
able means being actuable a plurality of times in ac- 
cordance with print tone data thereby to eject a cor- 
responding number of droplets to form a printed dot 
of appropriate tone on the substrate; 

the method comprising the steps of applying 
a plurality of.electrical signals.to the electrically ac- 
tuable means in accordance with trie print tone da- 
ta; . 

characterised in that each electrical signal 
comprises a first part (C) to hold the volume of said 
chamber in an increased state for a first time period 
and a second part (X) to hold the volume of said 
chamber in a decreased state for a second time pe- 
riod following said first time period, the length of a 
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time delay (D) between the application of succes- 
sive signals to said electrically actuabie means be- 
ing selected within -the rangelrom 0.45to 0.85 of 
said first time period so that any variation in the av- 
erage velocity at which corresponding droplets trav- 
el to said substrate to form said printed dot remains 
below that which would lead to defects in the printed 
image detectable by the naked eye, regardless of 
the number of said droplets ejected to form said 
printed dot. 

2. Method according to Claim 1, wherein the ratio of 
the length of said time delay to said first period is 
equal to or less than 0.55. 

3. Method according to Claim 1 or 2, wherein the time 
delay between the application of successive signals 
is such that the average velocity at which corre- 
sponding droplets travel towards the substrate does 
not vary by more than 1 .25m/s. 

4. Method according to Claim 3, wherein said average 
velocity does not vary by more than 0.7m/s. 

5. Method according to any preceding claim, wherein 
said chamber fs a channel. 

6. Method according to Claim 5, wherein said first time 
period is equal to the half resonant period of said 
channel. 

7. Method according to Claim 6, wherein the half res- 
onant period is less than or equal to 5ns. 

8. Method according to Claim 7, wherein the half res- 
onant period is less than or substantially equal to 
2.2jis. 

9. Method according to any of Claims 5 to 8, wherein 
seid electrically actuabie means acts to displace a 
wall of said channel. 

10. Method according to Claim 9, wherein said wall is 
displaceable transversely of the longitudinal axis of 
said channel. 

11. Method according to Claim 10, wherein said wall 
separates two adjacent channels. 

12. Method according to any of Claims 9 to 11 , wherein 
said electrically actuabie means effects droplet 
deposition by means of acoustic waves m the drop- 
let fluid. 

13. Method according to Claim 12, wherein the acoustic 
waves travel along the longitudinal axis of the chan- 
nel. 



14. Method according to any preceding claim, wherein 
said second time period is substantially equal to 
twice said first time period. 

5 15. Method according to any preceding claim, wherein 
the printhead has an array of said chambers, the 
method further comprising the steps of: 

applying said electrical signals to said electri- 
10 cally actuabie means at a frequency such that 

the velocity of a droplet ejected in response to 
said signal is both substantially independent of 
whether or not chambers in the vicinity of said 
chamberare similarly actuated to effect droplet 
is ejection simultaneously with droplet ejection 

from said chamber and substantially independ- 
ent of the number of droplets to be ejected in 
accordance with the print tone data. 

20 16. Method according to Claim 15, wherein successive 
chambers In the array are regularly assigned (o 
groups such that a chamber belonging to any one 
group is bounded on either side by chambers be- 
longing to at least one other group, the groups of 
26 chambers being sequentially enabled for actuation 
in successive periods; 

and wherein said electrical signals are applied 
to said electrically actuabie means at a frequency 
such that the velocity of a droplet ejected in re- 
ft? sponse to said signal is both substantially inde- 
pendent of whether or not those chambers belong- 
ing to the same group as said chamber and which 
are located closest to said chamber in the array are 
similarly actuated to effect droplet ejection simulta- 
35 neousiy with droplet ejection from said chamber 
and substantially independent of the number of 
droplets to be ejected in accordance with the print 
tone data. 

40 17. Method according to any preceding claim, wherein 
the printhead has an array of said chambers, and 
wherein the first time period of each electrical signal 
is selected such that the velocity of a droplet ejected 
in response to said signal is both substantially inde- 
46 pendent of whether or not chambers in the vicinity 
of seid chamber are similarly actuated to effect 
droplet ejection simultaneously with droplet ejection 
from said chamber and substantially independent 
of the number of droplets to be ejected in accord- 
so ance with the print tone data. 

18. Method according to Claim 17. wherein successive 
chambers in the array are regularly assigned to 
groups such that a chamber belonging to any one 
65 group is bounded on either side by chambers be- 
longing to et least one other group, the groups of 
chambers being sequentially enabled for actuation 
in successive periods; and wherein the first time pe- 
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riod of each electrical signal is seiected such that 
the velocity of a droplet ejected in response to said 
signal is both substantially independent of whether 
or not chambers- belonging. to the-same-group-as 
said chamber and which are located closest to said 5 
chamber inthe array aresmnilarly actuatedlo effect 
droplet ejection simultaneously with droplet ejection 
from said chamber and substantially independent 
of the number of droplets to be ejected in accord- 
ance with the print tone data. 10 

19. An inkjet printhead for printing on a substrate, the 
printhead having an array of channels, a series of 
nozzles each communicating with a respective 
channel for ejection of droplets therefrom, connec- 15 
tion means for connecting the channels with a 
source of ink, electrically actuable means associat- 
ed with each channel for varying the volume of a 
channel in response to an electrical signal, the elec- 
trically actuable means being actuable a plurality of 20 
times in accordance with print tone data thereby to 
eject a corresponding number of droplets to form a 
printed dot of appropriate tone on the substrate; 

a drive circuit for applying a plurality of elec- 
trical signals to the electrically actuable means in 25 
accordance with the print tone data, characterised 
in that the drive circuit is arranged to apply electri- 
cal signals each having a first part to hold the vol- 
ume of said chamber in an increased state for a first 
time period and a second part to hold the volume of 30 
said chamber in a decreased state for a second time 
period foilowing said first time period, the length of 
a time delay between the application of successive 
signals to said electrically actuable means being se- 
lected within the range from 0.45 to 0.85 of said first 35 
time period so that any variation in the average ve- 
locity at which corresponding droplets travel to said 
substrate to form said printed dot remains below 
that which would lead to defects in the printed image 
detectable by the naked eye, regardless of the 40 
number of said droplets ejected to form said printed 
dot. 

20. A drive circuit for an inkjet printhead for printing on 

a substrate, the printhead having an array of chan- 45 
neis, a series of nozzles each communicating with 
a respective channel for ejection of droplets there- 
from, connection means for connecting the chan- 
nels with a source of Ink, electrically actuable 
means associated with each channel for varying the so 
volume of a channel in response to an electrical sig- 
nal, the electrically actuable means being actuable 
a plurality of times in accordance with print tone da- 
ta thereby to eject a corresponding number of drop- 
lets to form a printed dot of appropriate tone on the ss 
substrate; 

said drive circuit being arranged to apply a 
plurality of electrical signals to the electrically actu- 



able means in accordance with the print tone data, 
characterised in that the drive circuit is arranged 
to apply electrical signals each having a first part to 
hold the .volume of said . chamber in an increased 
state for a first time period and a second part to hold 
the voiume of said chamber in- a decreased state 
for a second time period following said first time pe- 
riod, the length of a time delay between the appli- 
cation of successive signals to said electrically ac- 
tuable means being seiected within the range from 
0.45 to 0.65 of said first time period so that any var- 
iation in the average velocity at which correspond- 
ing droplets travel to said substrate to form said 
printed dot remains below that which would lead to 
defects in the printed image detectable by the na- 
ked eye, regardless of the number of said droplets 
ejected to form said printed dot 



PatentansprOche 

1. Verfahren zum Betreiben eines Tintenstrahl-Druck- 
kopfes zum Drucken auf elnem Substrat; wobei der 
Druckkopf eine Kammer hat die mit einer DOse zum 
Aussto&en von Ttntentropfen und mit elnem Tmten- 
vorrat in Verbindung steht; 

wobei der Druckkopf weiter elektrisch betatig- 
bare Mittei umfasst die mit der Kammer in Zusam- 
menhang stehen und betatigbarsind, um das Volu- 
men der Kammer in Antwort auf ein elektrisches Si- 
gnal zu variieren, wobei die elektrisch betatigbaren 
Mittei mehrmals in Obereinstimmung mit Druckton- 
daten betStigbar sind, um dadurch eine entspre- 
chende Anzahl von Tropfchen auszusto&en, um ei- 
nen gedruckten Punkt eines geeigneten Tons auf 
dem Substrat auszubiiden; 

wobei das Verfahren die Schritte umfasst, wo- 
nach eine Vielzahl etektrischer Signale auf das 
elektrisch betfitigbare Mittei In Obereinstimmung 
mit Orucktondaten angewendet warden; 

dadurch gekennzeichnet, dass jedes elek- 
trische Signal einen. ersten Teil (C), um das Volu- 
men der Kammer in elnem zugenommenen Zu- 
stand fur eine erste Zeitdauer zu halten, und elnen 
zweiten Teil (X), um das Volumen der Kammer in 
elnem abgenommenen Zustand for eine zwelte 
Zeitdauer, die der ersten Zeitdauer folgt, zu halten, 
umfasst, wobei die LSnge einer Zeltverzogerung 
(D) zwischen der Anwsndung auf einander folgen- 
der Signale auf das elektrisch betfitigbare Mittei In- 
nerhalb des Bereichs von 0,45 bis 0,85 der ersten 
Zeitdauer ausgewflhlt wtrd, so dass jede Variation 
in der mittleren Geschwindigkeit, mit der entspre- 
chende TrOpfchen zu dem Substrat wandem, um 
den gedruckten Punkt auszubiiden, unterhalb jener 
bleiben, die zu Fehlem bzw. Mangeln in dem ge- 
druckten Biid fOhren wurden, die vom blofien Auge 
feststellbar sind, und zwar ungeachtet der Anzahl 
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der Tropfchen, die ausgesto&en werden, um den 
gedruckten Punkt auszubilden. 

7l Verfahren nach Anspruch 1, bet weichem das-Ver- 
hfiltm6<ier Lfinge<ier2eitverz6geaing zu derereten -5 
Zeltdaaer gletah oder weniger alsD.55 ist: 

3. Verfahren nach Anspruch 1 c^er 2, bei weichem die 
Zeitverzdgerung zwischen der Anwendung aufein- 
ander folgender Signals derartig 4st, dass die mitt- iD 
I ere Geschwindigkeit, mlt der entsprechendeTrflpf- 
chen in Richtung ai/f das "Substrat wandem, nicht 

um mehr als 1,25 m/s variiert 

4. Verfahren nach Anspruch 3, bei welcherrrdie mitt- is 
lere-Geschwindigkett um nicht mehr ale 0,7 m/s va- 
riiert. 

5. Verfahren nach irgendeinem vorhergehenden An- 
spruch, bei weichem die Kammer eln Kanal ist. 20 

6. Verfahren nach Anspruch 5, bei weichem die erste 
Zaitdauer gleich der ha I ben Reson anz period e des 
Kanals ist. 

25 

7. Verfahren nach. Anspruch 6, bei weichem die haibe 
Resonanzperiode weniger oder gleich 5 us ist. 

8. Verfahren nach Anspruch 7, bei weichem die halbe 
Resonanzperiode weniger oder im wesentiichen so 
gleich 2,2 u£ ist. 

9. Verfahren nach irgend einem der AnsprGche 5 bis 
8, bei weichem das elektrisch betfitigbare Mittei 
wirkt, um eine Wand des Kanals zu veriagem. 35 

10. Verfahren nach Anspruch B t bei weichem die Wand 
quer zur Langsachse des Kanals veriagerbar ist 

11. Verfahren nach Anspruch 10, bei weichem die <o 
Wand zwei benachbarte Kanfile trennt. 

12. Verfahren nach einerrv der AnsprQche 9 bis 11, bei 
weichem das elektrisch betatigbare Mittei eine 
Tropfchenabiagerung rnlttete akustJscher Wellen in <$ 
dem Tropfchenfluld bewlrtct. 

13. Verfahren nach. Anspruch 12, bei weichem die aku- 
stlschen Weltan entlang-der Lfingsachse des Ka- 
nals wandem. 50 

14. Verfahren nach irgendeinem vorhergehenden An- 
spruch, bei. weJchem die zwaite Zeitdauer im we- 
sentiichen gleich zweimal der ersten Zettdauer ist. 

55 

15. Verfahren nach irgendeinem vorhergehenden An- 
spmch. bei weichem der Oruckkopf ein Feld bzw. 
Array der Kammern hat, wobei das Verfahren weiter 



die foigenden Schritte umfasst: 

die elektrischen Signate werden auf das elek- 
trisch betatigbara-Mittelbeleiner Frequenz.so 
angewendet, dass die Geschwindlgkeit eines 
Trdpfchens, dasin Antwort-auf das Signar aus- 
gestofcen wind, sowbhl Im wesentiichen unab- 
hfingig davon ist, ob oder ob nicht Kammern in 
derNachbarschaftderKammerdhniich betatigt 
warden, um einen TrfipfchenausstoG simultan 
mit einem TrdpfchenausstoG von der Kammer 
zu bewirken, als auch im wesentiichen unab- 
hflngig von derAnzahl der Trdpfchen ist, die in 
Obereinstimmung.mit den Drucktondaten aus- 
zustoften sind. 

18. Verfahren nach Anspruch 15, bei weichem aofem- 
ander fdlgende Kammern in dem Array bzw. Feid 
regelmflliig Gruppen derartig zugeordnet werden, 
dass eine Kammer, die zu irgend einer Gruppe ge- 
hOrt. auf beiden Seiten durch Kammern begrenzt 
ist, die zu wentgstens einer anderen Gruppe gehd- 
ren; wobei die Gruppen der Kammern sequential 
zur Betfitigung in aufeinander foigenden Perioden 
frejgegeben werden; 

und wobei. die elektrischen SignaJe auf das 
elektrisch betfitigbare MitteJ bei einer Frequenz der- 
artig angewendet werden, dass die Geschwindlg- 
keit einesTropfch ens, das in Antwort auf das Signal 
ausgesto&en wird, aowohi im wesentiichen davon 
unabhflngig ist, ob oderob nicht jene Kammern, die 
zu derseiben Gruppe wie die Kammer gehOren und 
die sich am nflchsten bei der Kammer in dem Array 
befinden, fihnlich betfitigt werden, um einen Tr&pf- 
chenausstoB simuitan mit einem Trdpfchenaussto& 
von der Kammer zu bewirken, als auch Im wesent- 
iichen unabhfingig von der.Anzahl .der Tropfchen 
ist, die in Obereinstimmu ng mit den Drucktondaten 
auszustofian sind. 

17. Verfahren nach einem vorhergehenden Anspruch, 
bei weichem darDmckkopf ein Feid der Kammern 
hat und bei weichem die erste Zeitdauer sines je- 
den elektrischen Signals derartig ausgewflhlt wird, 
dass die Geschwindigkeit eihes Trdpfchens, das in 
Antwort auf das Signal ausgestoGen wird, sowohl 
im wesentiichen unabhflngig davon ist ob oder ob 
nicht Kammern in der Nflhe der Kammer in fihnli- 
cher Welse betetigt werden, um einen Tropfchen- 
ausstofi simultan mit einem TrdpfchenausstoG von 
der Kammer zu bewirken, als auch im wesentiichen 
unabhflngig von der Anzahl der TrOpfchen ist, die 
in Obereinstlmmung mlt den Drucktondaten auszu- 
stolen sind. 

18. Verfahren nach Anspruch 17, bei weichem aufein- 
ander fbigende Kammern in dem Array bzw. Feld 
Gruppen regelmfl&ig zugeordnet sind, so dass eine 
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Kammer, diezuirgendeinerGmppegehort,auf bei- 
den Seiten durch Kammem begrenzt wird, die zu 
wenigstens einer anderen Gruppe gehoren, wobei 
die Gruppen von Kammem sequentleli zur Betati- 
gung in aufeinander folgenden Perioden freigege- 5 
ben werden; und wobei die erste Zeitdauer eines 
jeden etektrischen Signals derarfig ausgewShlt 
wird, dass die Geschwindigkeit eines TrSpfchens, 
das In Antwort auf das Signal ausgesto&en wird, so- 
wohl 4m wesentlichen unabhSngig da von 1st, ob 10 
oder ob mcht Kammem, die zu dersefoen Gruppe 
wie die Kammer gehoren und die sich am nfiehsten 
zu der Kammer in dem Array bzw. FekJ befinden, 
ahnlich betfltigt werden, urn einen Trfipfchenaus- 
■stofi simuttan roit einem Tropfchanausstofi von der 15 
Kammer zu bewirken, als auch fm wesentlichen un- 
abhangig von der Anzahi von Tropfchen ist, die In 
Qbereinstknnuing mil den Drucktondaten ausge- 
stoften werden. 

20 

19. Tintenstrahl-Druckkopf zum Drucken auf ein Sub- 
strat, wobei der Druckkopf folgendes umfasst: -ein 
Array bzw. Feid von Kanaien, eine Reihe von DQ- 
sen, die mit einem jeweiligen Kanal zum AusstoB 
von TrOpfchen in Verbindung stehen , Verbindungs- 25 
mittei zum Verbinden der Kanfiie mit einer Tlnten- 
quelte, elektrisch betatigbare Mittei, die mit einem 
jeden Kanal zum Variieren des Volumens eines Ka- 
nals in Antwort auf ein elektrisches Signal in Zu- 
sammenhang stehen , wobei das etektrisch betatig- 30 
bare Mittei mehrmals in Oberelnstimmung mit 
Brucktondaten betafigbar 1st, um dadurch eine ent- 
sprechende Anzahi von Tropfchen auszustoBen, 
urn einen gedruckten Punkt eines geeigneten Tons 
auf dem Substrat zu drucken; 35 

eine Antriebsschaltung bzw. Treiberschaltung 
zum.Anlegen einer Vielzahl von etektrischen Signa- 
len an das elektrisch betatigbare Mittei in Oberein- 
stimmung mit den Drucktondaten, dadurch ge- 
fcennzeichne*, dass die AntriebsschaJtung bzw. 40 
Treiberschaltung angeordnet 1st, urn elektrische Si- 
gnale anzulegan, die jeweiis einen ersten TeH, urn 
das Volumender Kammer in einen zugenommenen 
Zustand fOr etna erste Zeitdauer zu halten, und ei- 
nen zweiten Tail, urn das Volumen der Kammer in *& 
einem abgenommenen Zustand fOr eine Zweitzeit- 
dauer, die der ersten Zeitdauer fblgt, zu halten, ha- 
ben, wobei die Lfinge einer Zeitverzogerung zwi- 
schen dem Anlegen aufeinanderfolgender -Signals 
an das elektrisch betatigbare Mittei innerhalb des so 
Bereichs von 0,45 bis 0,85 der ersten Zeitdauer 
ausgewfihtt wird, so dassjegtiche variation In der 
mfttieren Geschwindigkeit, mit der entsprechende 
Tropfchen zu dem Substrat wandem, urn den ge- 
druckten Punkt auszubilden, untematb jenerbleibt, 55 
die zu "Mangeln bzw. Tehlern in dem gedruckten 
BHd fOhren wOrden, die von dem WoBen Auge fest- 
stellbar sind, und zwar ungeachtet der Anzahi der 



Tropfchen, die ausgestofien werden, urn den ge- 
druckten Punkt auszubilden. 

20. Antriebsschaltung bzw. Treiberschaltung fur einen 
Tintenstrahl-Druckkopf zum Drucken auf einem 
Substrat, wobei der Druckkopf folgendes umfasst 
ein Feld bzw. Array von Kanaien, eine Relhe von 
OOsen, die jewefls mit einem jeweiligen Kanai zum 
Ausstofi von Tropfchen davon in Verbindung ste- 
hen, Verbindungsmittei zum Verbinden von Kana- 
ien mit einer Tintenquefte, etektrisch- betatigbare 
"Mittei, die mit jedem Kanal in Verbindung stehen, 
urn das Volumen eines KanaJs in Antwort auf ein 
elektrisches Signal zu variieren, wobei die etek- 
trisch betatigbaren Mittei eine Vielzahl von Malen in 
Qbereinstimmung mit Drucktondaten bet&tigbar 
sind, urn dadurch erne entsprechende Anzahi von 
Tropfchen auszustoBen, urn einen gedruckten 
Punkt eines geeigneten Tons auf dem Substrat aus- 
zubilden; 

wobei die Antriebsschaltung bzw. die Treiber- 
schaltung angeordnet ist, urn eine Vielzahl elektri- 
scher Signale an das elektrische betatigbare Mittei 
in Oberelnstimmung mit den Drucktondaten anzu- 
legen, dadurch sekennzetehnet, dass die An- 
triebsschaltung- bzw. Treiberschaltung angeordnet 
ist, urn elektrische Signale anzutegen, die jeweils 
einen ersten Tell, urn das Volumen der Kammer in 
einen zugenommenen Zustand fQr eine erste Zeit- 
dauer zu halten, und einen zweiten Tell, um das Vo- 
lumen der Kammer In einem abgenommenen Zu- 
stand fQr eine zweite Zeitdauer, die o'er ersten Zeit- 
dauer folgt, zu halten, ha ben, wobei die Lange einer 
Zeitverzogerung zwischen der Anwendung aufein- 
anderfolgender Signale auf das elektrisch betatig- 
bare Mittei innerhalb des Bereichs von 0,45 bis 0,85 
der ersten Zeitdauer ausgewahlt wird , so dass eine 
jede Variation in der mittleren Geschwindigkeit. mit 
der entsprechende Tropfchen zu dem Substrat 
wandem, um den gedruckten Punkt auszubilden, 
unterhalb jener bieibt, die zu Mangeln im gedruck- 
ten Bild fDhren wQrde, die von dem bloflen Auge 
feststellbar sind, und zwar ungeachtet der Anzahi 
der Tropfchen, die ausgesto&en werden, um den 
gedruckten Punkt auszubilden. 



Revendlcations 

1. Precede de commande d'une tete d'impression a 
jet d'encre pour im primer sur un substrat, la tete 
d'impresslon ayant una chambre en communication 
avec une buse d'ejection de gouttelettes d'encre et 
avec une source d'encre ; 

la tete d'impression comprenant en outre des 
moyens electriquement exCltabies associes a la 
chambre et excitabtes pourfaire varier le volume de 
la chambre en reponse a un signal electrique, les 
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moyens eiectriquement excitables etant excitables 
une plurality de fois conformement a des donnees 
de ton tffmpressfon afm d'ejecter un nombre cor- 
respondantde goutteiettes pour former un pointim- 
prime -de- ton epproprieeur le substrat; 5 

leprocetfecomprenant les etapes d'app1ica= 
tion d'une pluralite de signaux eiectriques aux 
moyens atoc^tquamant excitables conformement 
aux donnees de ton d r rmpression ; 
-caracteris* an ce -que cheque signal electrique w 
comprend une premiere partie (C), pour malntenlr 
le volume de la dite chambre dans un etat augmen- 
ts pendant una premier* duree, at une deuxieme 
partie (X) pour maintenir le volume de la dite cham- 
bredarisiinatatnUmlrujependantunadeuxieme.du- 15 
ree a la suite de la dite premiere duree, (a -duree 
d'un repos (D) errtre fapplication des signaux suc- 
cesses aux dits moyens electrtquement excitables 
etant choisie dans la plage de 0,45 a 0,85 fois la 
dite premiere duree de aorta qua toute variation de 20 
ia Vitesse moyenne a laquelledes goutteiettes cor- 
nespondantesse deplacent vers le dit substrat pour 
former le dit point imprime reste Inferieure a celle 
qui engendreralt dee defauts de ('image Imprimee 
detectebtes a foell nu, quel que soft te nombre de 2s 
dites goutteiettes ejectees pour former le dit point 
imprime. 

2. Procede selon la revendication 1, dans lequel le 
rapport de 4a duree du dit repos a la dfte premiere 30 
duree est egal ou inferieur a 0,55. 

3. Procede selon la revendication 1 ou 2, dans lequel 
la duree de repos eritre Tapplication de Signaux suc- 
cesses est telle qua la vttesse moyenne a laqueWe 35 
les goutteiettes correspondantes se deplacent vers 

le substrat ne varie pas de plus de 1,25.m/s. 

4. Proced6 selon la revendication 3, dans lequel la dite 
vitessa moyenne ne varie pas de plus de 0,7 m/s. 40 

5. Procade_salDn une qufilconqiifi das ravendicaliDns 
precedentes, dans lequel iadite chambre est un ca- 
rrel. 

45 

6. Procede selon la revendication 5, dans lequel la dite 
premiere duree est $gate a ta demi-perfode de re- 
sonance du dit canal. 

7. Procede salon la revendication 6, dans lequel la de- so 
mi-periode de resonance est Inferieure ou egale a 

5 11s. 

8. Prooade selon la revendication 7, dans lequel la de- 
m'hperiodede resonance est inferieure ou sensible- ss 
ment egale 6*22 us. 

9. Procede selon une quelconque des revendications 



5 a 8, dans lequel les dits moyens eiectriquement 
excitables agtssent pour, deplacer une paroi du dit 
canal. 

10. Prooade eeion le revendication 9, dans lequel ia dite 
paror est deplacable transversalement a 1*8X8 lon- 
gitudinal du dit canal. 

11. Procede selon la revendication 10, dans lequel la 
dite parol separe deux canaux.8djacents. 

12. Procede selon une quelconque de revendications 
9 a 10. dans toque) les dits moyens eiectriquement 
excitables effectuent un depdt de goutteiettes au 
moyen d'ondes acoustiques dans le fluids de for- 
mation de goutteiettes 

13. Prbc6de selon ia revendication 12, dans lequel les 
ondes acoustiques se deplacent le long de I'axe lon- 
gitudinal du canal. 

14. Procede selon une quelconque des revendications 
precedentes, dans lequel la dite deuxieme duree 
est sensibiement egale au double de la dite premie- 
re duree. 

15. Procede selon une quelconque des revendications 
precedentes, dans lequel la tete d'impresstan com- 
porte une serie de dites chambres, le procede com- 
prenant en outre les etapes d'apptication des dits 
signaux eiectriques aux dits moyens eiectrique- 
ment excitablese une frequence telle quela Vitesse 
d'une goutteiette ejectee en reponse au dit signal 
est a ia fois sensibiement independents de ce que 
les chambres au voisinage de la dite chambre sont 
ou non excitees de facon similaire pour effectuer 
une ejection de goutteiette en meme temps .que 
rejection de goutteiette a partir de ia dite chambre, 
etsensiblementindependarrte dunombre de gout- 
teiettes a ejecter en fonction des donnees de ton 
dlmpression. 

16. Procede selon la revendication 15, dans lequel les 
chambres successive* de fa aerie sont regulrere- 
ment affectees a des groupes de so rte qu'une 
chambre appartenant a un groupe quelconque est 
deHmitee sur chaque cdtepar des chambres appar- 
tenant a au moins un autre groupe, les groupes de 
chambres etant sequentiellement actives pour ex- 
citation dans des periodes successives ; 

et dans lequel les dits signaux eiectriques 
sont appliques aux dits moyens eiectriquement ex- 
citabtes. a u ne frequence telle.que Ja. vtesse .d!une . 
goutteiette Ejectee en repose au dit signal est a la 
fois sensibiement Independante de ce que les 
chambres appartenant au meme groupe que la dite 
chambre et qui sont les plus proches de la dite 
chambre dans la serie sont ou non exaltees de fa- 
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$on semhlabie pour effectuer une 6jBCtion de gout- 
telette en meme temps que rejection de gouttelette 
a partir de te dite chambre, et sensibtement inde- 
pendante du nombre de goutteiettes a. ejecter en 
fonction dee donnees de ton depression. 5 

17. Frocede selon une quelconque des revendicafions 
precedentes, dene toque* la tete depression oonv 
prend une serie de dites chambres, et dans lequet 

1a premiere duree de cheque signal electrique est 10 
choisie de sorte que la Vitesse d'une gouttelette 
ejectee en reponse au dlt signal est a la fois sensi- 
blement independable de ce que ies chambres au 
voisinage de la dlte chambre sont ou non excitees 
de faoon similaite pour effectuer .une ejection .de is 
gouttelette en meme temps qua rejection de gout- 
telette a partir de la dtte chaTnbra.etsensiblement 
indapendante du nombre de goutteiettes a ejecter 
en fonction des donnees de ton depression. 

20 

18. Precede selon la revencfication 17, dans lequel Ies 
chambres successives de la -serie sont -reguiiere- 
ment afrectees a des groupes de sorte qu'une 
chambre appartenant a un groupe quelconque est 
detaltee sur chaq ue cote par des chambrBs appar- 25 
tenant aau mains, un autre groupe, ies groupes de 
chembres etent eequentiellement actives pour ex- 
citation dans des periodes successives ; 

et dans lequel la premiere duree de chaque 
signal electrique est choisie de sorte que la vitesse 30 
d'une gouttelette ejectee en repose au da signal est 
a la fois sensibiement independents dece que -ies 
chambres appartenant au memo groupe que la dite 
chambre et qui sont Ies plus proches de la dite 
charnbre dans la serie sont ou non excftees de fa- 35 
con sembtebie pour effectuer une ejection de gout- 
telette en meme temps, que rejection degouttelette 
a partir de la dite chambre, et sensiblement inde- 
pendente du nombre de goutteiettes a ejecter en 
fonction des donndes de ton d'impression, 40 

19- Tete tftmpTBSston Ajatrrencre pour impression sur 
un substrat, la tete depression comprenant una 
eerie de canaux, une serie de buses chacune en 
communication avec un canal respectff pour ejec- 45 
tion de gouttelette a partir de ce canal, des moyens 
de connexion pour connecter ies canaux a une 
source d'encre, des moyens electriquement exci ta- 
bles associes a chaque canal pour falre verier le 
volume d'un canal en reponse a un signal elects- so 
que, Ies moyens electriquement excitables etant 
exritBbtes une pluralitB defots coTTformementa des 
donnees de ton d'impression afin dlejecter un nom- 
bre correspondent de goutteiettes pour former un 
point Imprime de ton approprie sur le substrat ; 55 

un circuit de commando pour appiiquer une 
pturalite de stgnaux electriques eux moyens etectri- 
quement excitables conformement aux donnees de 



ton compression, 

caracterisee en ce que le circuit de commands est 
prevu pour appRquer des signaux electriques ayant 
chacun una premiere partie, pour maintenir le volu- 
me dc 4a dite oharobredans iin etat eugmente-pen- 
dant une premiere duree; et une detrxieme partie 
pour maintenir le volume de la dite chambre dans 
un etatdiminue pendant une deuxieme duree a la 
suite de la dite premiere duree,. la duree d'un repos 
entre ^application des signaux successes auxdlts 
moyens electriquement excitables etant choisie 
dans la plage de 0,45 b t>;85 fois la dlte premiere 
duree de sorte que toute variation de la vitesse 
moyenne a laqueile des goutteiettes correspondan- 
tes se deptacent vers te dit substrat pour former le 
d it point imprime- reete irtferieurea- cede qui engerv- 
dreraft des defauts de FimagB imprimse detBctabrBS 
a J'oeil nu, quel que soft Je nombre de dites goutte- 
iettes ejectees pour former le dit point imprime. 

20. Circuit de commands d'une tete compression a jet 
d'encre pour impression sur un substrat, la tete 
dlmpression comprenant une serie de canaux, une 
serie de buses chacune en communication avec un 
canal respectif pour ejection de gouttelette a partir 
de ce canal, des moyens de connexion pour con- 
necter Ies canaux a une source d'encre, des 
moyens eJectriquement excitables associes a cha- 
que canal pourfaire varier le volume d'un canal en 
reponse a un signal electrique, Ies moyens electri- 
quement excitables etant excitables une pluralfte 
de fois conformement a des donnees de -ton d ■ i m- 
pression afin dejecter un nombre correspondant de 
goutteiettes pourfermer un point imprime de ton ap- 
proprie sur le substrat ; 

le dit circuit de commands etant prevu pour 
appiiquer une eturalite de signaux electriques aux 
moyens electriquement excitables conformement 
aux donnees deton d'impression, 
caracttrise on ce que Je circuit de comma nde est 
prevu pour appiiquer des signaux electriques ayant 
chacun irae prBiniBTB.psTiJa, pour maintBntriB volu- 
me de la dite chambre dans un etat augmente pen- 
dant tme premiere duree, et une deuxieme -partie 
pour maintenir Je volume de la dlte chambre dans 
un etat dimlnue pendant une deuxieme duree a la 
suite de 1a dlte premiere duree, la duree d'un repos 
entre Implication des signaux successife aux dits 
moyens electriquement excitables etant choisie 
dans la plage de 0,45 a 0.85 fois ia dite premiere 
duree de sorte que toute variation de la vitesse 
moyenne a taquelledesgouttelettes correspondan- 
tes se deptacent vers te dit substrat pour former le 
dit point imprime reete inferieure a celle qui engen- 
drerait des defauts de I'lmage Imprimee detectable* 
a l'ceii nu, quel que soit le nombre de dites goutte- 
iettes ejectees peur former le dit point imprime. 
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